Key Drivers of Structural Damage
Padang, Sumatra, Indonesia
After seeing dozens of building failures in Padang, the following features stand out to the EERI team as key drivers of structural damage:

1. Insufficient confinement in reinforced concrete structural elements

The overwhelming majority of the columns observed in collapsed buildings had stirrups that were spaced at too great a distance and terminated in 90 degree hooks.  The following images show representative examples:
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Figure 1:  Typical stirrup configuration using 90 degree hooks
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Figure 2:  Typical Confinement Issue in Reinforced Concrete Columns
It is also worth noting that smooth reinforcing bars (as opposed to deformed bars) were often used, presumably in the interest of cost savings.
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Figure 3:  Typical Use of Smooth Longitudinal Reinforcing Bars
2. Out-of-plane and shear failure in unreinforced masonry infill walls
The team observed many cases in which the primary structural system suffered little damage while the infill walls totally failed either out-of-plane or in shear.  These failures often resulted in significant business interruption losses because the business would have to close until the mess could be cleaned up and the walls repaired.
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Figure 4:  URM infill walls often crumbled while the primary structure remained undamaged

3. Liquefaction in soft, sandy soils

The EERI team observed signs of liquefaction at numerous sites, primarily in the form of sand that was ejected from ruptures in the soil beneath a building.  These situations were often accompanied by significant building settlement.
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Figure 5:  Sand ejected from a building's foundation accompanied by settlement
